Objective: Testicular adrenal rest tumours (TART) are a well-known complication in adult male patients with congenital adrenal hyperplasia (CAH), with a reported prevalence of up to 94%. In adulthood, the tumours are associated with gonadal dysfunction most probably due to longstanding obstruction of the seminiferous tubules. The aim of our study was to determine the presence of TART and their influence on gonadal function in childhood. Design: Retrospective study. Patients and methods: Scrotal ultrasound was performed in 34 children with CAH due to 21-hydroxylase deficiency who were between 2 and 18 years old. FSH, LH, testosterone and inhibin B concentrations were measured in serum of 27 patients. Results: TART were detected by ultrasound in 8 out of 34 (24%) children. In two of them, bilateral tumours were found. All lesions were located in the rete testis. Seven patients had the salt-wasting type of CAH; one patient had the simple virilising type of CAH. Mean tumour size was 4.1 mm (range 2-8 mm). In none of the patients were the tumours palpable. Two children with TART were between 5 and 10 years old, the other six children were above 10 years old. In all children with TART, LH, FSH, testosterone and inhibin B levels were similar to the patients without TART. Conclusion: TART can be found in CAH children before the age of 10 years. The absence of gonadal dysfunction in our group of children suggests that gonadal dysfunction as frequently reported in adult CAH patients with TART develops after childhood.
Introduction
Testicular adrenal rest tumours (TART) are frequently found in adult males with congenital adrenal hyperplasia (CAH) with a reported prevalence of up to 94% (1) . The tumours are always benign. However, because of their typical location within the rete testis, the tumours may lead to obstruction of the seminiferous tubules with possible gonadal dysfunction and infertility (2) . Therefore, it may be important to detect and treat the tumours in an early stage. Both ultrasound and MRI are good imaging modalities for the detection and follow-up of TART, especially when they are not palpable on physical examination (3) .
The presence of TART in children is described mostly in case reports (4) (5) (6) (7) and only a limited number of studies describe its prevalence in larger populations of children and adults (8) (9) (10) . Avila et al. detected TART by ultrasound in 8 out of 38 male CAH patients (age 6-31 years) (9) . The mean age of the patients was 14.8 years and 7 out of the 8 patients with TART were below 18 years old. The youngest patient was 6.2 years old. The total number of investigated patients below 18 years was not reported. Vanzulli et al. described a prevalence of 27% of TART in a group of 30 CAH patients between 9 and 32 years (10) . In the investigation of 24 patients below 18 years, 7 (29%) had TART. However, these studies did not focus on childhood age and did not present information on gonadal function.
It is suggested that adrenal rest cells in the testes are already present in the embryological period but the onset of tumour growth is not known. Shanklin et al. studied autopsy material of patients with CAH and detected TART in three out of seven patients less than eight weeks old (11) . Other studies could not detect testicular tumours by ultrasound before the age of 10 (12) .
The aim of our retrospective study was to investigate the incidence of TART in our group of male CAH children. Furthermore, we measured FSH, LH, testosterone and inhibin B levels in this group of CAH children in order to detect possible negative effects of these tumours on gonadal function in childhood. In our study group, we show that TART are already present in childhood and gonadal function is not disturbed.
Patients and methods

Patients
Scrotal ultrasound was performed in all 34 male children with CAH due to 21-hydroxylase deficiency who were regularly presented at our outpatient paediatric endocrine unit. The patients were ranged in three age categories: 1-5, 5-10 and 10-18 years old. The mean age at the first ultrasound was 8;1 (years;months; range 2;7 to 15;0). In six children, the first scrotal ultrasound was performed before the age of 5 years, in 19 children between 5 and 10 years and in 9 children between 10 and 18 years. Ultrasound scanning was repeated at intervals of 1-2 years in most patients ( Fig. 1) .
In all patients, the diagnosis of CAH was made on symptoms and laboratory tests and was confirmed by mutation analysis. Twenty-four patients had the classical salt-wasting (SW) type, eight patients had the simple virilising (SV) type and two patients had the late onset (LO) type of CAH. All SW patients were diagnosed in the first month of life with exception of patient 6 who had uretral valves. He was falsely diagnosed as having pseudohypoaldosteronism and was treated with salt suppletion only in the first year of life. The diagnosis CAH in this patient was made not before the age of 1;7 years. All patients were treated with hydrocortisone three times a day and in the case of SW also with fludrocortisone. During follow-up, therapy was monitored each 3 months by evaluating clinical symptoms, anthropometrical measurements (length and weight) and biochemical measurements. Glucocorticoid dosing was monitored by determination of 17-hydroxyprogesterone (17OHP) and androstenedione (A) levels in peripheral blood collected in the morning before taking the glucocorticoid medication in children below 4-5 years old, and by measuring 17OHP and A in three saliva samples collected before each of the three doses glucocorticoid medication in older children. Undertreatment was defined as a morning androstenedione concentration before taking the first glucocorticoid dose above the morning reference range for pubertal stage; overtreatment was defined as a morning androstenedione concentration below the morning reference range for pubertal stage (13) .
For evaluation of pubertal status the Tanner stages were used (14) . Bone maturation was determined according to Greulich & Pyle (15) in order to determine the hormonal control over years.
Radiological evaluation
All ultrasonographic evaluations were performed by one out of the three paediatric radiologists in our centre with extensive experience in scrotal ultrasound.
The imaging was done on a 500hdi Philips/ATL model (Philips Medical systems, Bothell, WA, USA) with multi-probe capabilities (4.5-11 mHz) and the lesions were measured by calliper. At least three transverse and axial images of each testis were made, with at least one Doppler image containing the lesion(s). Testicular tumours within the mediastinum testis can be detected by ultrasound when they are at least 2 mm (3).
Hormone analysis
Luteinising hormone (LH), follicle-stimulating hormone (FSH), testosterone and inhibin B concentrations in serum were measured in patients above the age of 5 years old. We measured LH and FSH concentrations in 27 children, testosterone concentrations in 26 children and inhibin B concentrations in 23 children. LH and FSH were determined with a Fluorescence Immuno Enzymatic Assay (Abbott) using a Random Access Analyser (Type AxSYM, Abbott). Testosterone was assessed by RIA after pre-purification by means of paper chromatography of ether extracts of the samples, including correction for procedural losses, as described previously (16, 17) . Dimeric inhibin B was quantified using a solid phase sandwich ELISA specific for measurement of inhibin B in human serum (Oxford Bio-Innovation Ltd, Oxford, UK). The assay was performed according to the manufacturer's instructions. Figure 1 summarises the age of the first scrotal ultrasound and the frequency of follow-up in all 34 investigated children. TART were detected by ultrasound in 8 out of the 34 investigated children (24%). In two out of them bilateral tumours were found (nos 1 and 8). The patients' characteristics are listed in Table 1 . Seven patients had the SW type and one patient had the SV type of CAH. In none of the patients were tumours the palpable on physical examination. In none of the children in the group below 5 years were TART detected. TART were detected in two children in the group between 5 and 10 years (10% of this age group) and in six children in the group between 10 and 18 years old (66% of this age group). The mean tumour size was 4.1 mm (range 2-8 mm). Two children (nos 1 and 2) showed progression of the tumour size on followup ultrasound, one child (no. 7) showed regression of tumour size. All lesions were located near the mediastinum testis and were described as hypoechoic round lesions (Fig. 2) , occasionally with an echogenic focus within (Fig. 3 ).
Results
Radiological evaluation
Gonadal function
At the time of biochemical evaluation, three patients (nos 1, 2 and 7) had (nearly) completed puberty (Tanner stages IV and V). Two other patients (nos 3 and 8) showed no signs of puberty (Tanner stage I). In three patients (nos 4-6) puberty had started (Tanner stage II). In all 27 children in whom biochemical analysis was performed, the LH, FSH, testosterone and inhibin B concentrations were within the normal range for pubertal stage, with the exception of two CAH children without TART (age 8 and 7 years old) with isolated increased LH levels. Precocious puberty in these patients was excluded. There was no clear difference in laboratory values between children with and without TART (Fig. 4) .
Hormonal control
Six out of the eight children with TART had a bone age similar to calendar age. Two children showed advanced bone age of maximally 2 years (nos 3 and 5). Five out of the eight children with TART were overtreated at the time of TART diagnosis. Therefore, in these patients the glucocorticoid medication was not increased when TART was detected. One patient (no. 2) was adequately treated. Also in this patient glucocorticoid medication was not increased because of the suppressed salivary androstenedione levels during the rest of the day. Two patients (nos 1 and 7) were undertreated at the time of detection of TART (Table 2) : Patient 1 was treated with adequate doses of hydrocortisone but there was lack of compliance. After TART detection, the glucocorticoid doses were increased without any effect on tumour size and with persistently poor compliance until the age of 18 years. In patient 7, the glucocorticoid dose was increased after detection. Six months later the androstenedione levels were suppressed and the tumour was no longer detectable on ultrasound.
Discussion
The present study shows that in male CAH children TART are already present in childhood with a prevalence of 24%. This finding is in agreement with previous studies (9, 10) . However, our study is the first focusing exclusively on childhood age in a larger patient group and gives additional information about gonadal function of CAH children with and without TART. None of the tumours were detectable by palpation and none of the children with testicular tumours showed signs of gonadal dysfunction. The aetiology and pathogenesis of TART in CAH patients are not completely understood. Several studies documented the production of adrenal-specific steroids or the presence of adrenal-specific enzymes in these tumours (18, 19) . Therefore, TART are thought to arise from aberrant adrenal cells in the testes. In the embryological period, cells destined to become adrenal or gonadal cells derive from neighbouring areas of the coelomic epithelium and are morphologically identical (20) . During further development, a limited number of 'adrenal' cells may migrate together with the descending testis. Aberrant adrenal tissue within the testes is reported with an incidence of 7.5-15% (autopsy and surgical findings) in healthy neonates and normally regresses in early infancy (21) . Our data suggest that the incidence of aberrant adrenal tissue in the testes is probably underestimated, because under unstimulated conditions aberrant adrenal tissue is difficult to detect. In CAH patients, aberrant adrenal tissue may grow due to chronically elevated levels of adrenocorticotrophin (ACTH) or other unknown growth promoting factors, and may explain the increase in tumour detection by ultrasound during childhood.
The youngest CAH patient with TART reported in the literature was only several weeks old (11) . Recently, we detected a small testicular tumour at post-mortem histopathological examination in a 2-year-old male CAH patient who died in an Addisonian crisis (unpublished data). The youngest patient with TART in our present study was 7 years old. Therefore, it can be speculated that tumour growth starts during childhood or even in prenatal life.
Until now the exact mechanisms responsible for tumour growth are uncertain. ACTH may be an important stimulator of tumour growth, because ACTH receptors are present on the tumour tissue, and some authors describe a relationship between poor hormonal control and progression of tumour growth (22, 23) . Although adequacy of substitution therapy was not systematically assessed in our patients, none of our patients had documented periods of poor hormonal control in early childhood or puberty. The absence of advanced skeletal maturation in most patients also favours the notion that hormonal control was adequate in our patients. Most of the TART were detected in children above 10 years old. It can be suggested that hormones whose levels are increased in puberty, such as LH, are additional stimulators of tumour growth. The presence of LH receptors in testicular tumour tissue supports this hypothesis (24) .
It is known that TART have no malignant features. Therefore, there seems to be no need to treat or remove the tumours at an early stage. However, because of the localisation of the tumours in the rete testis, the tumours may compress the seminiferous tubules leading to obstructive azoospermia and irreversible damage of the testes (2, 25) . Therefore, it is important to detect and treat the tumours before permanent damage of the testis has occurred. Because the growth promoting factors are still unclear, strategies to prevent tumour growth are difficult to define. It has to be investigated whether testis-sparing surgery at an early stage may prevent irreversible testicular damage in later life.
In summary, our study shows that TART are frequently found already in young CAH children. Based on the absence of signs of gonadal dysfunction in our group of children, it seems that gonadal dysfunction, as frequently reported in adult patients, develops after childhood in patients with longstanding tumours. Further studies are necessary to determine whether it is possible to prevent testicular damage by surgical removal of the tumours already in childhood. A, salivary androstenedione levels. Salivary samples were collected three times a day before taking the glucocorticoid medication (morning between 0700 and 0900 h; noon between 1300 and 1500 h and evening between 2100 and 2300 h). a Pubertal stage according to Tanner (14) . b Normal salivary androstenedione values: Tanner I: 0.02-0.25 nmol/l and Tanners II-V: 0.14-0.63 nmol/l (13) . c For definitions of undertreatment, overtreatment and adequate treatment see text.
